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SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, YUKIHISA NAKAJO , a citizen of Japan 
with a post office address c/o YAMAHA CORPORATION, 10-1, 
Nakazawa-cho , Hamamatsu-shi , Shi zuoka-ken , Japan have invented 
certain new and useful improvement in OPTICAL DISK RECORDING 
TECHNIQUE CAPABLE OF FORMING PITS ACCURATELY CENTERED ON TRACK 
AND SERVO-BALANCE ADJUSTING TECHNIQUE FOR OPTICAL DISK 
RECORDING of which the following is a sp e,e i f i c at i on : 
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Title of the I nvention 

Optical Disk Recording Technique Capable of Forming 
Pits Accurately Centered on Track and Servo-Balance Ad- 
justing Technique for Optical Disk Recording 
Rackgrnnnd of the Invention 

The present invention generally relates to methods 
and devices for recording information on an optical disk 
based on a mark-length recording scheme, where pits are 
formed sequentially from the inner circumference to the 
outer via a light beam irradiated onto a track in the 
form of a groove or land running on the disk's recording 
surface* More particularly, the present invention re- 
lates to an improved optical disk recording method and 
device which can form pits accurately on and along the 
center line of the optical disk track. 

The present invention also relates to s e r v o - ba 1 ance 
adjusting methods and servo-balance detecting devices 
for optical disk recording and optical disk recording 
devices which are directed to achieving enhanced record- 
ing signal quality by optimizing servo balance in focus 
servo, tracking servo and the like for recording on an 
optical disk. More particularly, this invention relates 
to a technique for readily adjusting the servo balance 
with high accuracy. 

In write-once optical disks such as CD-R (CD- 
Recordable) and DVD-R ( D V D - R e c o r d a b 1 e ) as well as 
rewritable optical disks such as CD-RW (CD-Rewritable), 
DVD-RAM and MO (Magneto Optical disk), guide grooves com- 
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monly called "grooves" or "pre-grooves" are previously 
formed. Pits are formed sequentially in a track in the 
foriOQ of such a groove or land (a portion between adjoin- 
ing grooves) by irradiating a laser light beam onto the 
rotating disk along the track. In recording on such op- 
tical disks, tracking control to allow the laser light 
beam along the track has been performed conventionally in 
such a way that the center of the optical axis of the 
laser light beam strikes the center line of the track 
when a tracking error signal is at a zero level. 

Experiments conducted by the inventor of the present 
invention have shown that, in high-speed recording such 
as at six-times (i.e., six times faster than the normal 
speed), eight-times or higher speed as well as in high- 
density recording with a track pitch (spacing between ad- 
joining tracks) narrower than the normal pitch, pits tend 
to be formed off the center line of the track even when 
the laser light beam is irradiated with the center of its 
optical axis accurately positioned at the track center 
line, as explained below in relation to Fig. 2. 

In Fig. 2, there is shown a write-once optical disk 
10 having a dye layer, where a transparent substrate 12 
has grooves 14 previously formed therein and running 
helically around the central axis of the disk 10. Lands 
16 are formed between adjoining grooves 14. The dye 
layer 18 functioning as a recording layer is formed on or 
films the transparent substrate 12, and reflective, 
protective and other layers (not shown for simplicity of 
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illustration) are laminated on the dye layer 18. To 
record information on the optical disk 10. laser light 
20, whose intensity is modulated by a recording signal, 
is converged via an objective lens 22 and passes through 
the transparent substrate 12 onto the track (groove 14 in 
this example), to thereby form a pit 24 therein. At that 
time, the tracking control is performed so as to allow 
the center 26 of the optical axis of the laser light beam 
20 to be positioned on the center line of the track. 

However, if high-speed or high-density recording is 
effected with such conventional tracking control, the pit 
24 tends to be formed off the track center line 28 of the 
track T toward the inner circumference of the disk, due 
to the influence of residual heat from an adjoining track 
, located inward of the currently recorded track T, 
where recording has taken place immediately before the 
current recording. This positional deviation of the pit 
formed would lead to various inconveniences such as 
deterioration of the recording sensitivity and reproduced 
signal quality. Degree of the pit's positional deviation 
varies depending on the type of the disk used (such as 
the material used for the recording layer and the track 
pitch) and the recording speed (linear velocity of the 
disk as well as a selected "recording speed 
magnification"). 

Further, in such optical disk recording, focus servo 
and tracking servo are each implemented by first deter- 
mining a servo error through predetermined arithmetic 
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operations between reflected light reception signals rep- 
resentative of a reflection of the recording laser light 
beam from the optical disk and then driving a servo ac- 
tuator to minimize the error. In the predetermined 
arithmetic operations, servo-balance adjustment is made 
which is intended to adjust the levels of the reflected 
light reception signals relative to each other. The 
servo balance needs to be adjusted with high accuracy, 
because the quality and characteristics (such as a jitter 
characteristic) of recording signals are greatly affected 
depending on how the servo balance is adjusted. 

Fig. 13 is explanatory of the servo balance adjust- 
ment employed in the conventional focus servo and track- 
ing servo control (the focus servo balance adjustment is 
for changing the depth of the light beam focus), and more 
particularly showing an HF (High Frequency) signal 
waveform corresponding to the reflected light reception 
signals that represent the light beam reflection from the 
optical disk during recording. The HF signal waveform 
would present, in its falling phase, a different downward 
curve depending on the servo balance setting, and the 
sharpest downward curve generally represents an optimum 
servo balance setting. Thus, in plants manufacturing op- 
tical disk recording devices, it has been conventional 
for human operators to detect when a sharpest downward 
curve of the HF signal waveform appears on an oscillo- 
scope while manipulating focus-servo-balance and 
tracking-servo-balance adjusting variable resistors, and 
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fix these variable resistors at positions where the shar- 
pest downward slope could be obtained* 

However, with such conventionally servo balance ad- 
justment, it was difficult to visually determine the 
sharpest downward curve of the HF signal waveforoa, so 
that the servo balance adjustment values would con- 
siderably vary depending on the human operator in charge 
and servo balance adjustment could not be made optimally. 
Automatization of the servo balance adjustment was also 
difficult to realize with the conventional approach. 
Further, an optimum focus servo balance providing an op- 
timum focus depth of the laser beam light was not easy to 
achieve, since the kind and film thickness of the dye 
vary depending on the type of the optical disk. 
Similarly, an optimum tracking servo balance varies 
depending on the type of the optical disk. In addition, 
because the servo balance adjustment was already com- 
pleted and fixed prior to shipment of the recording 
devices from the plants, the servo balance could not be 
adjusted freely by users depending on the type of a disk 
they want to use. 

Summar y of th e Invent ion 

It is therefore a first object of the present inven- 
tion to provide an optical disk recording method and 
device which can form pits accurately centered on the 
center line of a recording track. 

It is a second object of the present invention to 
provide a servo-balance adjusting method and servo- 
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balance detecting device for optical disk recording and 
an optical disk recording device which can readily adjust 
servo balance with high accuracy and also permit adjust- 
ment of the servo balance in actual use by users. 

According to an aspect of the present invention, 
there is provided an optical disk recording method for 
recording information on an optical disk, based on a 
mark-length recording scheme, by forming pits sequen- 
tially from an inner circumference to an outer circum- 
ference of the optical disk via a light beam irradiated 
onto a track formed as a groove or land on a recording 
surface of the optical disk, and this optical disk 
recording method is characterized in that tracking con- 
trol is performed in such a way that a center of an opti- 
cal axis of the light beam is offset, by a predetermined 
amount, from a center line of the track toward the outer 
circumference of the optical disk. Because the tracking 
control is performed to cause the optical axis center of 
the irradiated light beam to be offset, by a predeter- 
mined amount, from the track center line toward the 
disk's outer circumference, the optical disk recording 
method of the present invention can effectively avoid an 
unwanted tendency of pits being formed off the track cen- 
ter line toward the inner circumference of the optical 
disk due to the influence of residual heat from an ad- 
joining inner track, thereby allowing pits to be formed 
accurately on and along the track center line. 

The above-mentioned tracking control causing the 
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light beam to be offset toward the disk's outer circum- 
ference can be realized, for example, by appropriately 
setting a time period for detecting a tracking error sig- 
nal to be used in the tracking control. As typically 
disclosed in Japanese Patent Laid-open Publication No. 
HE I - 1 - 3 2 5 6 3 4, the traditional tracking control for opti- 
cal disk recording was performed using a tracking error 
signal detected only during an OFF (low-level) period of 
a recording pulse signal, excluding an ON (high-level) 
period of the recording pulse signal (i.e., a period for 
forming a pit with the laser light beam raised to a high 
r e c o r d i n g - p o w e r level). According to such traditional 
tracking control, the laser light beam is controlled so 
that the center of its optical axis remains positioned on 
the center line of the track, because no influence of 
residual heat from an adjoining inner track appears in 
the tracking error signal detected during the OFF period 
alone. Thus, the traditional tracking control encoun- 
tered the problem that pits would be formed off the track 
center line toward the inner circumference of the disk. 

In Fig. 3. there is illustrated thermal distribu- 
tion across the width of the track during optical record- 
ing thereon. The track being recorded ("currently- 
recorded track") is subject to residual heat from an ad- 
joining inner track. Fig. 4 shows how the residual heat 
from the already-recorded adjoining inner track affects 
the c u r r e n 1 1 y - r e c o r d e d track. If the recording is ef- 
fected with the influence of the residual heat left un- 
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removed, a portion of a pit. closer to the inner edge of 
the currentl y- recorded track, is formed more efficiently, 
so that a reflection from that inner portion of the pit 
will have a reduced light amount as denoted by a dotted- 
line curve in section (b) of Fig. 4. Thus, even when the 
optical axis of the laser light remains positioned on the 
center line of the track, there would be caused a sig- 
nificant difference in light amount between the reflec- 
tion from the inner portion of the track and the reflec- 
tion from the outer portion of the track as denoted by a 
solid-line curve in section (b) of Fig, 4, which would 
lead to an increased level of the tracking error signal. 
Note that a hatched portion in section (b) of Fig, 4 rep- 
resents energy which is consumed to cause variation in 
the dye layer. 

To avoid the inconvenience, the optical disk record- 
ing method of the present invention uses, as the time 
segment for detecting a tracking error signal to be used 
in the tracking control, a whole or part of a particular 
time segment within an ON period of the recording pulse 
signal after formation of a pit is initiated and a 
reflection of the light beam from the optical disk passes 
a peak level (the peak level is not used because of its 
instability), in addition to a whole or part of a time 
segment within an OFF period of the recording pulse sig- 
nal. With the combined use of the two time segments 
within the ON and OFF periods, the influence of the 
residual heat is fed back to the tracking control to 
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thereby produce a d.c. offset in the tracking error sig- 
nal, so that the laser light beam is controlled to cause 
the center of its optical axis to be offset from the 
track center line by a predetermined amount. This ar- 
rangement can form pits centered accurately on the track. 
Also, according to the present invention, the length of 
the t rac k i n g - e r r 0 r - s i g n a 1 detecting time segment within 
the OiN period of the recording pulse signal, for use in 
the tracking control, is varied depending on current 
recording conditions such as the type (material used for 
forming the recording layer, track pitch, etc.) of the 
optical disk and recording speed (linear velocity of the 
disk and selected recording speed magnification). With 
such variation in the time segment length, it is possible 
to attain an optimum offset amount corresponding to the 
current recording conditions, so that pits can always be 
formed accurately on and along the track center line, 
which would achieve greatly enhanced recording sen- 
sitivity and recording signal quality. 

It is preferable that the t r a c k i n g - e r r o r - s i g n a 1 
detecting time segments within the ON and OFF periods of 
the recording pulse signal be continuous, although they 
may be discontinuous in some applications. By varying a 
start point of the t r ac k i n g - e r r o r - s i g n a 1 detecting time 
segment within the ON period in accordance with the cur- 
rent recording conditions such as the disk type and 
recording speed, timing control of the t r a c k i n g - e r r o r - 
signal detecting time segments can be greatly 
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facilitated- Because the entire length of the tracking- 
error-signal detecting time segments is great as compared 
to the case where the tracking error signal is detected 
only within the OFF period of the recording pulse signal, 
the optical disk recording method of the present inven- 
tion also can significantly increase the possibility of 
detecting information, such as ATIP signal, FM -recorded 
on wobbling portions (periodic winds or snake-like turns) 
of the track. 

According to another aspect of the present inven- 
tion, there is provided an optical disk recording device 
where the t r ac k i ng - e r r o r - s i g n a 1 detecting time segments 
within the ON and OFF periods of the recording pulse sig- 
nal are continuously interconnected, and which comprises: 
a tracking signal generating section that sequentially 
outputs a detected tracking error signal during a par- 
ticular period from a given time point after formation of 
a pit is initiated in response to turning-on of a record- 
ing pulse signal and a reflection of the light beam from 
the optical disk passes a peak level to a subsequent time 
point when the recording pulse signal is turned on next, 
and that, during a period other than the particular 
period, either holds a level of the tracking error signal 
detected immediately before the particular period or out- 
puts a zero-level tracking error signal, the tracking 
signal generating section smoothing the tracking error 
signal to thereby provide the smoothed tracking error 
signal as a tracking signal; and a control section that 
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performs tracking control using the tracking signal 
provided by the tracking signal generating section. The 
optical disk recording device may also include a section 
for varying the start point of the t r ac k i ng - e r r o r - s i gna 1 
detecting time segments. 

The present invention also provides an optical disk 
recording device characterized by imparting an 
separately-generated offset signal to a tracking signal, 
in stead of expanding the t r ac k i n g - e r r o r - d e t ec t i ng time 
segment. More specifically, the optical disk recording 
device comprises: a tracking signal generating section 
that sequentially outputs a detected tracking error sig- 
nal during a particular period when a recording pulse 
signal is in an OFF state or no pit is being formed, and 
that, during a period other than the particular period, 
either holds a level of the tracking error signal 
detected immediately before the particular period or out- 
puts a zero-level tracking error signal, the tracking 
signal generating section smoothing the tracking error 
signal to thereby provide the smoothed tracking error 
signal as a tracking signal; an offset imparting section 
that imparts an offset to the tracking signal; a storage 
section that stores information indicative of optimum 
offset values corresponding to various possible recording 
conditions such as a disk type or recording speed or a 
combination of the disk type and recording speed; and a 
control section that reads out one of the optimum offset 
values corresponding to current recording conditions and 
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setting the offset, to be imparted by the offset impart- 
ing section, to the read-out offset value, and performs 
tracking control using the tracking signal having the 
offset imparted thereto. 

The present invention also provides an optical disk 
recording device characterized by a combined use of the 
expansion of the t rac k i n g - e r r o r - s i g n a 1 detecting time 
segment and the impartment of the offset signal. More 
specifically, the optical disk recording device 
comprises: a tracking signal generating section that 
sequentially outputs a detected tracking error signal 
during a particular period from a given time point after 
formation of a pit is initiated in response to turning-on 
of a recording pulse signal and a reflection of the light 
beam from the optical disk passes a peak level to a sub- 
sequent time point when the recording pulse signal is 
turned on next, and that, during a period other than the 
particular period, either holds a level of the tracking 
error signal detected immediately before the particular 
period or outputs a zero-level tracking error signal, the 
tracking signal generating section smoothing the tracking 
error signal to thereby provide the smoothed tracking er- 
ror signal as a tracking signal; an offset imparting sec- 
tion that imparts an offset to the tracking signal; a 
storage section that stores information indicative of op- 
timum offset values corresponding to various possible 
recording conditions; and a control section that reads 
out one of the optimum offset values corresponding to 
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current recording conditions and setting the offset, to 
be imparted by the offset imparting section, to the read- 
out offset value, and performs tracking control using the 
tracking signal having the offset imparted thereto. In 
this case too, the optical disk recording device may in- 
clude a section for varying the start point of the 
tracking-error-signal detecting time segments. 

Generally, in the recording surface of recordable 
optical disks, there are formed, as recording tracks, 
guide grooves (pre-grooves ) each winding or wobbling in 
predetermined cycles. These periodic winds are commonly 
known as "wobbles". Experiments by the inventor of the 
present invention has discovered that the level of a 
wobble (more specifically, w o b b 1 e - c o r r e s p o n d i n g ) com- 
ponent, contained in reflected light reception signals 
generated by receiving a reflection of the irradiated 
light beam from the optical disk, varies with a change of 
servo balance setting and that the servo balance achiev- 
ing a lowest level of recording signal jitter substan- 
tially coincides with the servo balance achieving a 
lowest level of the w o b b 1 e - c o r r e s p o n d i n g component. 
Thus, the present invention is intended to achieve op- 
timum servo balance adjustment on the basis of the dis- 
covered fact. 

Namely, according to still another aspect of the 
present invention, there is provided a s e r v o - b a 1 an c e ad- 
justing method for use with an optical disk recording 
device for recording information by irradiating a laser 
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light beam onto an optical disk having a track wobbling 
in predetermined cycles. The servo-balance adjusting 
method comprises the steps of: detecting a wobble com- 
ponent, corresponding to the frequency of the wobbles of 
the track, contained in reflected light reception signals 
generated by receiving a reflection of the laser light 
beam from the optical disk during recording on the opti- 
cal disk; and adjusting level balance between the 
reflected light reception signals for use in calculation 
of a servo error in such a way that the wobble component 
detected by the step of detecting presents a substan- 
tially minimum level. Because whether or not the servo 
balance is optimum is ascertained on the basis of the 
level of the wobble component, the thus-arranged servo- 
balance adjusting method of the invention can adjust the 
servo balance in an optimum condition more readily and 
more accurately than the conventional approach where the 
servo balance condition is ascertained from the HF signal 
waveform. 

The present invention also provides an optical disk 
recording device which comprises: an optical head that 
irradiates a recording laser light beam onto an optical 
disk for recording of information thereon and receives a 
reflection of the laser light beam from the optical disk 
to provide reflected light reception signals; a wobble 
component detecting section that detects a wobble com- 
ponent, corresponding to a wobble of a track on the opti- 
cal disk, contained in the reflected light reception sig- 
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nals during the recording on the optical disk; a servo 
error detecting section that detects a servo error by 
performing arithmetic operations between the reflected 
light reception signals; a servo section that corrects 
the servo error by driving a servo actuator on the basis 
of the servo error detected by the servo error detecting 
section; an adjusting section that adjusts level balance 
between the reflected light reception signals to be used 
in the arithmetic operations performed by the servo error 
detecting section; and a control section that automati- 
cally adjusts the level balance between the reflected 
light reception signals by controlling the adjusting sec- 
tion in such a way that the wobble component detected by 
the wobble component detecting section presents a sub- 
stantially minimum level. 

Further, the present invention provides an optical 
disk recording device which comprises: an optical head 
that irradiates a recording laser light beam onto an op- 
tical disk for recording of information thereon and 
receives a reflection of the laser light beam from the 
optical disk to provide reflected light reception 
signals; a wobble component detecting section that 
detects a wobble component, corresponding to a wobble of 
a track on the optical disk, contained in the reflected 
light reception signals during the recording on the opti- 
cal disk; a display that displays a level of the wobble 
component detected by the wobble component detecting 
section; a servo error detecting section that detects a 
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servo error by performing arithmetic operations between 
the reflected light reception signals; a servo section 
that corrects the servo error by driving a servo actuator 
on the basis of the servo error detected by the servo er- 
ror detecting section; an adjusting section that adjusts 
level balance between the reflected light reception sig- 
nals to be used in the arithmetic operations performed by 
the servo error detecting section; and a level balance 
adjusting operator that is operable to manually adjust 
the level balance between the reflected light reception 
signals by controlling the adjusting section in such a 
way that the wobble component detected by the wobble com- 
ponent detecting section presents a substantially minimum 
level . 

With the two optical disk recording devices arranged 
in the above-mentioned manner, the servo balance adjust- 
ment can be made as desired by users depending on the 
type of an optical disk they want to use. It will be ap- 
preciated that the optical disk recording device of the 
present invention may comprise an optical disk drive 
operating singly or in combination with a personal com- 
puter. In the latter case, the optical disk drive may 
include a level balance adjusting circuit and a level 
balance adjusting operator, while the personal computer 
may includes a control circuit and a display. 

Moreover, the present invention provides a servo 
balance detecting device suitable for use with an optical 
disk recording device which is not itself equipped with 
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facilities necessary for servo balance adjustment. 
Namely, this servo balance detecting device comprises: an 
input terminal section that receives reflected light 
reception signals corresponding to a reflection of a 
recording laser light beam irradiated by an optical disk 
recording device onto an optical disk; a wobble component 
detecting section that detects a wobble component, cor- 
responding to a wobble of a track on the optical disk, 
contained in the reflected light reception signals 
received via the input terminal section; and a display 
that displays a level of the wobble component detected by 
the wobble component detecting section. 

As will be apparent from the following description, 
the present invention arranged as above is applicable to 
servo balance adjustment in optical disk recording 
devices for various types of optical disk, such as CD-R, 
CD-RW, DVD-R, DVD-RAM and MO. 
Brief Description of the Drawings 

For better understanding of the above and other fea- 
tures of the present invention, preferred embodiments of 
the invention will hereinafter be described in greater 
detail with reference to the accompanying drawings, in 
which : 

Fig. i is a diagram showing various signal waveforms 
found at different parts in an optical disk recording 
device in accordance with a first embodiment of the 
present invention; 

Figs. 2A and 2B are a plan view and a sectional view 
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explanatory of conventional tracking control and more 
particularly showing pits formed off the center line of a 
track due to residual heat from an adjoining inner track; 

Fig. 3 is a graph illustrating thermal distribution 
across the width of a track during optical recording on a 
track ; 

Fig. 4 is a chart showing how the residual heat from 
the adjoining inner track affects formation of pits; 

Fig. 5 is a block diagram showing a exemplary struc- 
ture of the optical disk recording device of the present 
invention and more particularly various components for 
performing tracking control in, the device; 

Fig. 6 is a block diagram showing exemplary struc- 
tures of a sample and hold circuit and a tracking error 
detecting circuit of Fig. 5; 

Fig. 7 is a block diagram showing in detail an ex- 
emplary structure of a sampling pulse generating circuit 
shown in Figs. 5 and 6; 

Fig. 8 is a chart showing various signal waveforms 
found in different parts of the sampling pulse generating 
circuit of Fig. 7; 

Fig. 9 is a graph showing exemplary relation between 
tracking error balance and pit jitter when recording is 
performed on high-density optical disks, each having a 
1 * 1 5 jtz m track pitch but having a different dye layer film 
thickness, while variously changing the tracking error 
balance ; 

Fig. 10 is a waveform diagram of a tracking error 
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signal explanatory of the tracking error balance; 

Fig. 11 is a block diagran] showing an optical disk 
recording device in accordance with a second embodinient 
of the present invention; 

Fig. 12 is a block diagram showing en exemplary 
structure of an optical disk recording device in accord- 
ance with a third e m b o d i m e n t of the present invention; 

Fig. 13 is is a diagram explanatory of servo balance 
adjustment employed in conventional focus servo and 
tracking servo control; 

Fig. 14 is a graph showing jitter variations in a 
reproduced signal of information recorded while changing 
a resistance value of a focus-servo-balance adjusting 
variable resistor of Fig. 12; 

Fig. 15 is a graph showing variations in voltage 
characteristic of a wobble-corresponding-component detec- 
tion signal when information is recorded while changing 
the resistance value of the focus-servo-balance adjusting 
variable resistor of Fig. 12; 

Figs, 16A and 16B are diagrams explaining why 
characteristics of Fig. 15 can be obtained; 

Fig. 17 is a graph showing jitter variations in a 
reproduced signal of information recorded while changing 
a resistance value of a tracking-servo-balance adjusting 
variable resistor of Fig. 12; 

Fig. 18 is a graph showing variations in voltage 
characteristic of a wobble-corresponding-component detec- 
tion signal when information is recorded while changing 
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the resistance value of the t r a c k i n g - s e r v o - b a 1 a n c e ad- 
justing variable resistor of Fig. 12; 

Figs. 19A and 19B are diagrams explaining why 
characteristics of Fig. 18 can be obtained; 

Figs. 20A and 20B are diagrams showing another em- 
bodiment of the optical disk recording device arranged to 
permit servo balance adjustment through manual operation, 
of which Fig. 20A shows a front panel and Fig. 20B shows 
an internal structure of the device; and 

Figs. 21A and 21B are diagrams of a servo balance 
detecting device embodying a fifth embodiment of the 
present invention, of which Fig. 21A is an external view 
of the device and Fig. 21B shows an internal structure of 
the device. 

Detailed Description of the Preferred Embodiments 
[FIRST EMBODIMENT] 

Referring first to Fig. 5, there is shown an optical 
disk recording device in accordance with a first embodi- 
ment of the present invention and more particularly 
various components for performing tracking control in the 
device. Recording pulse is fed to an ALPC (Automatic 
Laser Power Control) circuit 30 for stabilization of its 
optical level and then passed to an optical head 32 to 
drive a laser diode contained therein. Recording laser 
light 20 output from the laser diode is converged through 
an objective lens 22 and irradiated onto the recording 
surface of an optical disk 10 such as a CD-R. The ir- 
radiated laser light beam acts on a dye layer or record- 
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ing layer of the optical disk 10 to form pits therein for 
recording of desired information. At that t i id e , a 
reflection of the recording laser light 20 from the opti- 
cal disk 10 passes through the objective lens 22 to be 
received by light-receiving elements within the optical 
head 32. Reflected light reception signals output from 
the 1 i gh t - r e c e i V i n g elements are passed through an RF 
amplifier 34 to a signal reproduction processing circuit 
(not shown) for necessary processing. 

The reflected light reception signals are also sent 
to a tracking signal generating circuit 36. In the 
tracking signal generating circuit 36. a sample and hold 
circuit 38 extracts respective appropriate segments of 
the signals, a t r a c k i n g - e r r o r detecting circuit 40 
detects a tracking error on the basis of the extracted 
segments to provide a tracking error signal, and the 
tracking error signal is then smoothed by a low-pass fil- 
ter 42 to generate a tracking signal. The tracking sig- 
nal is fed to servo circuit 44, comprising for example a 
digital servo circuit, which performs tracking control by 
driving a tracking actuator within the optical head 32 in 
such a manner that the absolute value of the tracking 
signal decreases. 

Sampling pulse generating circuit 46 processes the 
recording pulse signal to generate sampling pulses to be 
used by the sample and hold circuit 38. Duration of the 
sampling pulses (sampling time) is variably controlled in 
accordance with various recording conditions such as the 
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type of the disk and recording speed (linear velocity of 
the disk as well as a selected recording speed 
magnification). 

Fig. 6 is a block diagram more fully showing ex- 
emplary structures of the above-mentioned sample and hold 
circuit 38 and tracking error detecting circuit 40. 
Photo detector 48 comprises a quadruple PIN photo diode 
which forms the 1 i g h t - r e c e i v i n g elements for receiving 
reflections of the laser light 20 from the optical disk 
10. The following description is made in relation to a 
case where the tracking control is performed using the 
known push-pull method. Reflected light reception sig- 
nals A and D, output from the two 1 i gh t - r ece i v i ng ele- 
ments for receiving the reflections from inner portions 
of the currently- recorded track, are added together to be 
sent to the sample and hold circuit 38 as an "A+D" 
reflected light reception signal. Similarly, reflected 
light reception signals B and C, output from the other 
two 1 i g h t - r e c e i v i n g elements for receiving the reflec- 
tions from outer portions of the currently-recorded 
track, are added together to be sent to the sample and 
hold circuit 38 as a "B+C" reflected light reception sig- 
nal. 

When switches SWl and SW2 are ON (during the 
s am p 1 i ng / h o 1 d i n g time), the sample and hold circuit 38 
allows the "A+D" and "B+C" reflected light reception sig- 
nals to pass therethrough, but when the switches SWl and 
SW2 are OFF (during the holding time), the circuit 38 
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holds, in holding condensers CI and C2, respective values 
of the "A+D" and "B+C" reflected light reception signals 
immediately before the switches SWl and SW2 was turned 
off. The light signals sampled and held in the above- 
mentioned manner are output via corresponding buffer 
amplifiers 50 and 52. The two output signals from the 
sample and hold circuit 38 are given to a subtracter 54, 
constituting the above-mentioned tracking-error detecting 
circuit 40, which determines a difference between the 
output signals to thereby generate a tracking error sig- 
nal ( "B + C"- "A + D"). 

In Fig. 7, there is shown in detail an exemplary 
structure of the sampling pulse generating circuit 46 
that generates a sampling pulse for controlling the 
switches SWl and SW2 of the sample and hold circuit 38. 
The sampling pulse generating circuit 46 includes a 
delay-time switching circuit 56 that delays the recording 
pulse by a selected time. Specifically, various delay 
time values are set in the delay-time switching circuit 
56 so that one of the delay time values is selected 
depending on the current recording conditions such as the 
disk type and recording speed. In the meantime, the 
recording pulse is inverted by an inverter 58. and a 
delayed pulse from the delay-time switching circuit 56 
and the inverted pulse from the inverter 58 are added via 
an OR circuit 59 to thereby provide a sampling pulse. 
Sections (Sa) to (Sd) of Fig, 8 show various signal 
waveforms found at points (a) to (d) of the sampling 
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pulse generating circuit 46. The delay time value of the 
delayed pulse at point (b) determines a holding period of 
the sample and hold circuit 38; thus, the holding and 
sampling times can be varied by changing the delay time 
value. 

Fig. 1 shows, in sections (Sa), (Sd) and (Se), 
various signal waveforms found at points (a), (d) and (e) 
in the circuitry of Figs. 5 and 6. where same reference 
characters as those in Fig. 8 denote same signals The 
"A+D" and "B+C" light signals assume waveforms as shown 
in section (Sa), from which it will be seen that when in- 
fluenced by residual heat from an adjoining track inward 
of the currently-recorded track, the "A+D" or inner 
reflected light reception signal (denoted in dotted line) 
in an ON period of the recording pulse signal becomes 
lower in level than the "B+C" or outer reflected light 
reception signal (denoted in solid line). 

The sampling pulse (Sd) rises at a given time point 
after the reflected light reception signal starts declin- 
ing from its peak level in the ON (high-level) period of 
the recording pulse signal (Sa), and then falls at the 
same time the recording pulse signal (Sa) is next turned 
on and starts rising in level). The rising timing of the 
sampling pulse (Sd) varies depending on the recording 
conditions, while the falling timing of the sampling 
pulse (Sd) remains constant. Thus, a rear segment of the 
recording pulse ON period is incorporated to the sampling 
time as denoted by a double-headed arrow AR in section 
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(Sd). While the sampling pulse (Sd) is ON (in the high- 
level state) (i.e.. during the sampling time), the 
switches SWl and SW2 of Fig. 6 are each turned on by 
being connected to a "a" contact, so as to allow the 
"A+D" and "B+C" reflected light reception signals to pass 
through the sample and hold circuit 38. On the other 
hand, while the sampling pulse (Sd) is OFF (in the Low 
state) (during the holding time), the switch SWl and SW2 
of Fig. 6 are each turned off by being connected to a "b" 
contact, so that the "A+D" and "B+C" reflected light 
reception signals are blocked and the values of the "A+D" 
and "B+C" reflected light reception signals immediately 
before the blocking by the turning-off of the switches 
SWl and SW2 are held by the condensers CI and C2. 

Generally, in the OFF period of the recording pulse 
signal, one of the "A+D" and "B+C" reflected light recep- 
tion signals would become greater in level than the other 
reflected light reception signal due to a deviation of 
the laser light beam 20 off the center line of the 
c u r r e n 1 1 y - r e c 0 r d e d track. Namely, if the laser light 
beam 20 deviates off the track center line inwardly or 
toward the inner circumference, the inner reflected light 
reception signal ("A+D") becomes greater in level than 
the outer reflected light reception signal ("B4C"); 
however, if the laser light beam 20 deviates outwardly or 
toward the outer circumference, then the outer reflected 
light reception signal ("B+C") becomes greater in level 
than the inner reflected light reception signal ("A+D"). 
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Greater inward deviation of the laser light beam 20 rela- 
tive to the c u r r e n t 1 y - r e c 0 r d e d track would result in a 
greater influence of the residual heat from the adjoining 
inner track, which decreases the level of the inner 
reflected light reception signal ("A+D"); conversely, a 
greater outward deviation of the laser light beam 20 
would result in a smaller influence of the residual heat 
from the adjoining inner track, which therefore increases 
the level of the inner reflected light reception signal 
( "A + D"). 

Relation between the deviating direction of the 
laser light beam 20 and the corresponding level 
increase/decrease of the A+D" and "B+C" reflected light 
reception signals in the ON period of the recording pulse 
signal is opposite to that in the OFF period of the 
recording pulse signal. However, the level of the A+D" 
and "B-fC" reflected light reception signals would nor- 
mally be varied much more greatly by the residual heat 
from the adjoining inner track than by the tracking error 
itself. Thus, by setting an appropriate length of the 
recording pulse ON period that is to be incorporated into 
the sampling time, the residual heat influence can be a 
dominant factor of level variation of the tracking signal 
("B+C"-"A+D") (i.e., the tracking error signal having 
been smoothed by the low -pass filter 42), corresponding 
to the deviation of the laser light beam 20 relative to 
the c u r r e n 1 1 y - r e c 0 r d e d track. Namely, when the laser 
light beam 20 deviates off the track center line in- 
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wardly, the level decrease amount of the "A+D" reflected 
light reception signal in the recording pulse ON period 
becomes greater than the level increase amount of the 
same signal in the recording pulse OFF period, so that 
the tracking signal ("B+C"-"A+D") assumes a greater 
value. Conversely, when the laser light beam 20 deviates 
outwardly, the level increase amount of the "A+D" 
reflected light reception signal in the recording pulse 
ON period becomes greater than the level increase amount 
of the "B+C" reflected light reception signal in the 
recording pulse OFF period, so that the tracking signal 
( "B + C "A + D ") assumes a smaller value. 

Here, the servo circuit 44 is controlled to find a 
particular point where a minimum absolute value of the 
tracking signal ("B+C"-"A+D") is obtained; more specifi- 
cally, the servo circuit 44 constantly monitors relation 
between a direction of radial displacement of the laser 
light beam 20 relative to the optical disk surface and 
the increase/decrease in the absolute value of the track- 
ing signal ( "B + C"-"A + D"), so as to shift the laser light 
beam 20, radially of the optical disk, in such a direc- 
tion where the absolute value of the tracking signal is 
minimized. Thus, the laser light beam 20 is shifted 
radially outward relative to the track center line 28, so 
as to minimize the level of the tracking signal ("B+C"- 
"A+D"). As the laser light beam 20 is shifted radially 
outward, the influence of the residual heat from the ad- 
joining inner track decreases and accordingly the level 
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of the "A+D" reflected light reception signal increases, 
so that the tracking signal ("B+C"-"A+D") assumes a smal- 
ler value. However, as the laser light beam 20 is 
shifted closer to the outer circumference of the optical 
disk. the level of the "B4C" signal becomes gradually 
greater due to a tracking error while the ratio, of the 
level increase amount of the "A+D" signal, to the outward 
shift amount of the laser light beam 20 becomes gradually 
smaller. Accordingly, the level of the tracking signal 
("B + C"-"A-i-D") turns, at a particular point, from a 
decreasing path to an increasing path. 

Thus, the servo circuit 44 causes the laser light 
beams 20 to be placed in such an offset position as to 
achieve a minimized level of the tracking signal ("B+C"- 
"A+D"). Here, the offset amount of the laser light beam 
20 is varied depending on the length of the ON-period 
segment of the recording pulse signal that is to be in- 
corporated into the sampling time. Accordingly, by set- 
ting an appropriate length of the ON-period segment of 
the recording pulse signal (i.e., by modifying the rising 
timing of the sampling pulse), a pit can be formed ac- 
curately on and along the center line of the recording 
track. 

Fig, 9 is a graph showing exemplary relation between 
tracking error balance and pit jitter when recording is 
performed on high-density optical disks, each having a 
1 . 1 5 A 12 track pitch but having a different dye layer film 
thickness, while variously changing the tracking error 
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balance. The "tracking error balance" is a value that 
represents the tracking error signal of Fig. 10 in the 
following mathematical expression: 

Tracking Error Balance - [ ( A ~ B ) / ( A 4 B ) ] x 5 0 % 
In the example of Fig. 9, film thicknesses 1 to 5 
decrease in the ascending order of the film thickness 
number; that is. film thickness 1 is the greatest of all. 
film thickness 2 is the second greatest, and so on. From 
the graph, it is seen that with greater film thicknesses, 
the tracking error balance value attaining minimuin pit 
jitter would greatly deviate from 0% due to the residual 
heat from the adjoining inner track. Thus, according to 
the embodiment, with greater film thicknesses, the hold- 
ing time length is made shorter (i.e., a shorter delay 
time is selected in the delay-time switching circuit 5 6 
of Fig. 7). This approach can form pits accurately cen- 
tered on the track center line, irrespective of the film 
thickness. 

Because optical disks with a c y a n i n e - b a s e d dye layer 
generally have a greater film thickness than those with a 
ph talocyanine-based dye layer, a greater offset amount of 
the laser light beam 20 is set for the former-type disks 
than for the latter-type disks. 

In a situation where the offset amount of the laser 
light beam 20 is varied in accordance with a selected 
recording speed magnification, the residual heat from the 
adjoining inner track would influence more greatly as the 
selected recording speed gets higher, so that the erabodi- 
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ment is arranged to increase the offset amount in accord- 
ance with an increase in the recording speed. Further, 
if the recording to be effected is neither high-density 
recording nor high-speed recording, then the offset 
amount of the laser light beam 20 may be zero. In 
reproduction, the tracking signal is allowed to pass 
without being held anywhere in the sample and hold cir- 
cuit 38. Further, the tracking servo and focus servo 
gains are set to high values during reproduction, but set 
to lower values during recording so as to prevent the 
servo loop from being saturated while the recording is in 
progress- 

[SECOND EMBODIMENT] 

The following paragraphs discuss an optical disk 
recording device in accordance with a second embodiment 
of the present invention with reference to Fig. Ih where 
same reference characters as in Fig. 5 denote same ele- 
ments. Offset imparting circuit 60 includes a plurality 
of variable resistors Rl to R4 connected in parallel and 
set to different resistance values. These variable 
resistors Rl to R4 are grounded at one end through 
respective analog switches SWll to SW14, and connected at 
the other end to a no n - i n v e r t i n g input of a same opera- 
tional amplifier that constitutes the above-mentioned 
subtracter 54 of the tracking error detecting circuit 40* 
Turning on any one of the switches SWIl to SW14 changes 
the level of the outer or "B+C" reflected light reception 
signal to be applied to the n o n - i n v e r t i n g input of the 



operational amplifier, thereby resulting in a change of 
the offset amount. 

In a storage circuit 64 of Fig. 11, there is stored 
ON/OFF information for the switches SWll to SW14 that is 
intended to impart an optimum offset depending on various 
recording conditions such as the disk type and recording 
speed. In accordance with the current recording condi- 
tions, a control circuit 62 reads out the ON/OFF informa- 
tion on a selected one of the switches SWll to SW14 so as 
to control the selected switch in a manner corresponding 
to the recording conditions. Such control by the control 
circuit 62 can form pits accurately on and along the 
track center line. Here, the sample and hold circuit 38 
allows the tracking error signal to pass therethrough for 
an OFF period of the recording pulse signal or non-pit- 
forming period, but holds the tracking signal for an ON 
period of the recording pulse signal or pit-forming 
period. This control may be used in combination with the 
variable control of sampling and holding times based on 
the recording conditions as discussed earlier in relation 
to the first embodiment, and such combined control allows 
pits to be formed even more accurately on and along the 
track center line. 

In the above-described embodiments, for the 
t r ac k i n g - e r r 0 r - s i g na 1 holding period. the current track- 
ing error signal may be set to a zero level in stead of 
the preceding tracking error signal being held by the 
sample and hold circuit. Further, in such a case where 
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the tracking control of the present invention is imple- 
mented via a digital servo mechanism, various digital 
offset values may be prestored in memory so that a 
suitable one of the stored values corresponding to the 
current recording conditions can be selectively read out 
and used in the tracking control. 

Furthermore, whereas the embodiments have been 
described as recording information on a track formed as a 
groove of an optical disk ("groove recording"), the 
recording track may be a land of the optical disk ("land 
recording"). Moreover, the present invention is also ap- 
plicable to cases where tracking error detecting schemes 
other than the push-pull method are employed- Finally, 
it should be obvious that the present invention can be 
applied to recording on various other optical disks than 
the CD-R media, 
[THIRD EMBODIMENT] 

Fig. 12 is a block diagram showing en exemplary 
structure of an optical disk recording drive, also 
capable of reproducing recorded information, in accord- 
ance with a third embodiment of the present invention. 
This optical disk drive 111 is characterized by 
automatized servo balance adjustment. In the recording 
surface of an optical disk 110, there are formed, as 
recording tracks, guide grooves ( p r e - g r oo ve s ) that wind 
or wobble in predetermined cycles. In the case of the 
CD-R media, the frequency of the wobbles is set at 22.05 
kHz for the normal (one-time) speed mode. The optical 
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disk 110 is driven to rotate via a spindle motor 112. and 
specified information is recorded and reproduced using a 
laser light 116 irradiated from an optical head 114. 
Reflection of the irradiated laser light beam 116 from 
the optical disk 110 is received by a quadruple PIN photo 
diode 118 within the optical head 114 which forms four 
1 i gh t - r e c e i V i ng elements. Reflected light reception sig- 
nals A, B, C and D from the 1 i g h t - r e c e i v i n g elements are 
passed to corresponding c u r r e n t / v o 1 t a g e converting cir- 
cuit 120, 122, 124 and 126, where each of the signals is 
converted to a signal having a voltage value correspond- 
ing to the signal's current value. 

Summing amplifiers 128 and 130 add together the 
reflected light reception signals A, C and B, D, respec- 
tively. Subtracting amplifier 132 calculates a dif- 
ference between the added results, i.e., (B+D)-(A+C), to 
thereby provide a focus error signal. Focus servo cir- 
cuit 134 drives a focus actuator 136 within the optical 
head 114 on the basis of the focus error signal from the 
subtracting amplifier 132, to thereby perform focus con- 
trol. In the described embodiment, focus servo balance 
adjustment is effected by adjusting a power-controlling 
(e.g., voltage-controlling) variable resistor VRl in a 
voltage divider circuit. The voltage divider circuit, 
also including resistance Rl, divides an output voltage 
of the summing amplifier 130 and passes the divided volt- 
age to a non- i nver t ing input of the subtracting amplifier 
132. 
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Further, summing amplifiers 138 and 140 add together 
the reflected light reception signals A, D and B, C, 
respectively. Subtracting amplifier 142 calculates a 
difference between the added results, i,e,, (B+C)-(A+D), 
to thereby provide a tracking error signal. Tracking 
servo circuit 144 drives a tracking actuator 146 within 
the optical head 114 on the basis of the tracking error 
signal from the subtracting amplifier 142, to thereby 
perform tracking control. In the described embodiment, 
tracking servo balance adjustment is effected by adjust- 
ing a power-controlling (e.g., vo 1 1 age - co n t r o 1 1 i ng ) vari- 
able resistor VR2 in another voltage divider circuit. 
This voltage divider circuit, also including resistance 
R2, divides an output voltage of the summing amplifier 
140 and passes the divided voltage to a non - i n ve r t i ng in- 
put of the subtracting amplifier 142. 

Summing amplifier 148 sums up all the reflected 
light reception signals (i.e., A-fB4C + D) to thereby 
provide an HF (High Frequency) signal. The HF signal is 
delivered to a w o b b 1 e - c o r r e s p o n d i n g - c o m p o n e n t detecting 
circuit 150 as well as a signal reproduction processing 
system (not shown). The HF signal, having been delivered 
to the w o b b 1 e - c o r r e s p o n d i n g - c o m p o n e n t detecting circuit 
150, is first applied to a band-pass filter 152 whose 
center frequency is set to equal the fundamental 
frequency of the wobble that is, for example, 22.0 5 kHz 
X n (n represents a recording speed magnification) for 
the CD-R media; the band-pass filter 152 thus extracts a 



- 35 - 



wo b b 1 e - c 0 r r e s p 0 n d i n g coraponent that corresponds to the 
frequency of the wobbles on the track. The extracted 
w 0 b b 1 e - c 0 r r e s p 0 n d i n g component is amplified by an 
amplifier 154, rectified by a rectifier 156. and smoothed 
by a low-pass filter 158, to provide a d.c. signal cor- 
responding to the amplitude of the wobble-corresponding 
component (wobble-corresponding-component detection 
signal). Control circuit 160 controls the above- 
mentioned variable resistors VRl and VR2 on the basis of 
the wobb 1 e - c 0 r r esp 0 n d i n g - c 0 nip 0 n e n t detection signal, to 
thereby automatically adjust the focus servo balance and 
tracking servo balance into optimum conditions. 

In Fig. 14, there are shown jitter variations 
measured in reproduction of information that is recorded 
while changing the resistance of the f o c u s - s e r vo - b a 1 ance 
adjusting variable resistor VRl. In this example, the 
point where the jitter is at its smallest level is where 
optimum focus servo balance appears to exist. Further, 
in Fig. 15, there are shown variations in voltage value 
of the w 0 b b 1 e - c 0 r r e s p 0 n d i n g - c 0 m p 0 n e n t detection signal 
when information is recorded while changing the resis- 
tance of the focus-servo-balance adjusting variable 
resistor VRl. From Figs. 14 and 15, it is seen that the 
value of the variable resistor VRl achieving the lowest 
jitter level is substantially equal to the value of the 
variable resistor VRl achieving the lowest level of the 
w ob b 1 e - c 0 r r e s p 0 n d i n g component. This may be due to the 
fact that changing the focus depth of the laser light 
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beam 116 by varying the focus servo balance as shown in 
Fig. 16A changes the size of a light beam spot 115a on a 
track (guide groove) 162 as shown in Fig, 16B and the 
track wobble has a smallest effect when the beam spot 
116a falls precisely on the center of the track (i.e,, 
when the focus servo balance is optimum). 

In Fig. 17, there are shown jitter variations 
measured in reproduction of information that is recorded 
while changing the resistance of the t r a c k i n g - s e r v o - 
if:::| balance adjusting variable resistor YR2. In this ex- 

f II ample. the point where the jitter is at its smallest 

% level is where optimum tracking servo balance appears to 

Ji^J exist. Further, in Fig. 18, there are shown variations 

''"^ in voltage value of the wobble-corresponding-component 

3: 

detection signal when information is recorded whiTe 

f 1 1 

^"^^ changing the resistance of the tracking-servo-balance ad- 

I justing variable resistor VR2. From Figs. 17 and 18, it 

is seen that the value of the variable resistor VR2 
achieving the lowest jitter level is substantially equal 
to the value of the variable resistor VR2 achieving the 
lowest level of the w o b b 1 e - c o r r e s p o n d i n g component. This 
may be due to the fact that changing the focus depth of 
the laser light beam 116 by varying the tracking servo 
balance as shown in Fig. 19A changes the size of the 
light beam spot 116a on the track (guide groove) 162 as 
shown in Fig. 19B and the track wobble has a smallest ef- 
fect when the beam spot 116a falls precisely on the cen- 
ter of the track (i.e., when the tracking servo balance 
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is optimum). 

Because of the foregoing reasons, the control cir- 
cuit 160 of Fig. 12 is arranged to adjust the two vari- 
able resistors YRl and VR2 in such a manner that the 
wobble-corresponding-cofflponent detection signal presents 
its lowest level during recording. The adjustment by the 
control circuit 160 may be realized, for example, by 
prestoring such values of the variable resistors VRl and 
VR2 that may achieve the lowest level of the wobble- 
corresponding-component detection signal, through trial 
recording where information is recorded on a power 
calibration area (PCA) of the disk located inward of the 
disk's lead-in area while varying the values of the vari- 
able resistors VRl and VR2, and then carrying out actual 
recording with the variable resistors VRl and VR2 fixed 
to the prestored values. Alternatively, the values of 
the variable resistors VRl and VR2 may be adjusted in 
real time by constantly changing them in such a way that 
the level of the w obb 1 e - c o r r e s p o n d i n g - c o m p o ne n t detection 
signal is lowered. With this real-time adjustment, it is 
possible to properly address a difference in optimum 
servo balance conditions due to different film thick- 
nesses of the dye layer between the inner and outer por- 
tions of the optical disk. 

It will be appreciated that the positions of the 
variable resistor VRl and resistance Rl may be reversed. 
Likewise, the positions of the other variable resistor 
VR2 and resistance R2 may be reversed. 
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[FOURTH EMBODIMENT] 

Referring now to Figs. 20A and 2 OB, there is shown 
another embodiment of the optical disk drive which is ar- 
ranged to permit servo balance adjustment through user's 
manual operation. More specifically. Fig. 20A shows a 
front panel 166 of the optical disk drive 164, on which 
are provided a doorway 170 to a disk tray 168, a focus- 
servo-balance adjusting knob 172, a tracking-servo- 
balance adjusting knob 174 and a wobble-corresponding- 
component level meter 176. 

Fig, 20B is a block diagram showing an exemplary in- 
ternal organization of the optical disk drive 164, where 
same elements as those of Fig* 12 are denoted by same 
reference characters as in the figure. Variable resistor 
VRl in a focus error detecting circuit 127 is a manual 
variable resistor whose resistance value is adjustable by 
the user via the focus-servo-balance adjusting knob 172. 
Similarly, a variable resistor VR2 in a tracking error 
detecting circuit 137 is a manual variable resistor whose 
resistance value is adjustable by the user via the 
tracking-servo-balance adjusting knob 174. In Fig. 20B, 
the positions of the variable resistor VRl and resistance 
Rl are reversed from those in Fig, 12, and so are the 
positions of the variable resistor VR2 and resistance R2. 

Wobble-corresponding-component detection signal 
(i.e., a d.c. signal varying in level in accordance with 
the amplitude of a w o b b 1 e - c o r r e s p o n d i n g component con- 
tained in the HF signal) output from the wobble- 
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corresponding component detecting circuit 150 is passed 
through a driver 177 to the level meter 176, where the 
signal level is visually displayed. To effect the servo 
balance adjustment, the optical disk 10 is set in place, 
and the optical disk drive 164 is placed in a recording 
mode or trial recording mode. Then, the user turns the 
focus-servo-balance adjusting knob 172 and tracking- 
servo-balance adjusting knob 174 while viewing the level 
meter 176 and stops turning the knobs 172 and 174 at 
positions where the level meter 176 presents a minimum 
level of the w o b b 1 e - c o r r e s p o n d i n g - c o m p o n e n t detection 
signal; specifically, one of the knobs 172 or 174 is 
first turned to find the minimum level and then the other 
knob 174 or 172 is turned to find the minimum level. 
[FIFTH EMBODIMENT] 

Figs, 21A and 2iB show a servo balance detecting 
device for use with an optical disk drive, which embodies 
a fifth embodiment of the present invention. More 
specifically, Fig. 21A is an external view of the servo 
balance detecting device while Fig. 21B is a block 
diagram showing an internal structure of the device, 
where same elements as those in Fig. 20 are denoted by 
same reference characters as in the figure. The servo 
balance detecting device 78 includes an HF signal input 
180 for receiving the HF signal from the optical disk 
drive, and the level meter 176 as described above in 
relation to Fig. 20. The HF signal received via the sig- 
nal input 180 is first delivered to the wobble- 
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corresponding component detecting circuit 150 for detec- 
tion of a wobble-corresponding component, and a level of 
the detected w o b b 1 e - c o r r e s p o n d i n g component is visually 
shown on the level meter 176. To effect the servo 
balance adjustment, the optical disk is set in place 
within the optical disk drive, and the optical disk drive 
is placed in a recording mode or trial recording mode. 
Then, the user turns the focus-servo-balance adjusting 
knob that is set to a half-fixed resistance value, and 
stops turning the knob at a particular position where the 
level meter 176 presents a minimum level of the wobble- 
corresponding-component detection signal. 
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What is claimed is: 



1. An optical disk recording method for recording in- 
formation on an optical disk. based on a mark-length 
recording scheme, by forming pits sequentially from an 
inner circumference to an outer circumference of the op- 
tical disk via a light beam irradiated onto a track 
formed as a groove or land on a recording surface of the 
optical disk, 

wherein tracking control is performed in such a way 
that a center of an optical axis of the light beam is 
offset, by a predetermined amount* from a center line of 
the track toward the outer circumference of the optical 
disk. 

2. An optical disk recording method for recording in- 
formation on an optical disk, based on a mark-length 
recording scheme, by forming pits sequentially from an 
inner circumference to an outer circumference of an opti- 
cal disk via a light beam irradiated onto a track formed 
as a groove or land on a recording surface of the optical 
disk, 

wherein tracking control is performed using a track- 
ing error signal detected at given time segments within 
an ON period of a recording pulse signal after formation 
of a pit is initiated and a reflection of the light beam 
from the optical disk passes a peak level and within an 
OFF period of the recording pulse signal. 
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3. An optical disk recording method as recited in claim 
2 wherein a length of the given portion within the ON 
period of a recording pulse signal is variable depending 
on recording conditions. 

4. An optical disk recording device for recording in- 
formation on an optical disk, based on a mark-length 
recording scheme, by forming pits sequentially from an 
inner circumference to an outer circumference of the op- 
tical disk via a light beam irradiated onto a track 
formed as a groove or land on a recording surface of the 
optical disk, said optical disk recording device 
comprising: 

a tracking signal generating section that sequen- 
tially outputs a detected tracking error signal during a 
particular period from a given time point after formation 
of a pit is initiated in response to turning-on of a 
recording pulse signal and a reflection of the light beam 
from the optical disk passes a peak level to a subsequent 
time point when the recording pulse signal is turned on 
next, and that, during a period other than said par- 
ticular period, either holds a level of the tracking er- 
ror signal detected immediately before said particular 
period or outputs a zero-level tracking error signal, 
said tracking signal generating section smoothing the 
tracking error signal to thereby provide the smoothed 
tracking error signal as a tracking signal; and 



- 43 " 



a control section that performs tracking control 
using the tracking signal provided by said tracking sig- 
nal generating section. 

5, An optical disk recording device as recited in 
claim 4 which further comprises a section that modifies a 
start point of a time segment for detecting the tracking 
error signal. 

6. An optical disk recording device for recording in- 
formation on an optical disk, based on a mark-length 
recording scheme, by forming pits sequentially from an 
inner circumference to an outer circumference of the op- 
tical disk via a light beam irradiated onto a track 
formed as a groove or land on a recording surface of the 
optical disk, said optical disk recording device 
comprising: 

a tracking signal generating section that sequen- 
tially outputs a detected tracking error signal during a 
particular period when a recording pulse signal is in an 
OFF state or no pit is being formed, and that, during a 
period other than said particular period, either holds a 
level of the tracking error signal detected immediately 
before said particular period or outputs a zero-level 
tracking error signal, said tracking signal generating 
section smoothing the tracking error signal to thereby 
provide the smoothed tracking error signal as a tracking 
s ignal ; 

an offset imparting section that imparts an offset 
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to the tracking signal; 

a storage section that stores information indicative 
of optimum offset values corresponding to various pos- 
sible recording conditions; and 

a control section that reads out one of the optimum 
offset values corresponding to current recording condi- 
tions and setting the offset, to be imparted by said off- 
set imparting section, to the read-out offset value, and 
performs tracking control using the tracking signal 
having the offset imparted thereto. 

7. An optical disk recording device for recording in- 
formation on an optical disk, based on a mark-length 
recording scheme, by forming pits sequentially from an 
inner circumference to an outer circumference of the op- 
tical disk via a light beam irradiated onto a track 
formed as a groove or land on a recording surface of the 
optical disk, said optical disk recording device 
comprising: 

a tracking signal generating section that sequen- 
tially outputs a tracking error detection signal during a 
particular period from a given time point after formation 
of a pit is initiated in response to turning-on of a 
recording pulse signal and a reflection of the light beam 
from the optical disk passes a peak level to a subsequent 
time point when the recording pulse signal is turned on 
next, and that, during a period other than said par- 
ticular period, either holds a level of the tracking er~ 
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ror signal detected immediately before said particular 
period or outputs a zero-level tracking error signal, 
said tracking signal generating section smoothing the 
tracking error signal to thereby provide the smoothed 
tracking error signal as a tracking signal; 

an offset imparting section that imparts an offset 
to the tracking signal; 

a storage section that stores information indicative 
of optimum offset values corresponding to various pos- 
sible recording conditions: and 

a control section that reads out one of the optimum 
offset values corresponding to current recording condi- 
tions and setting the offset, to be imparted by said off- 
set imparting section, to the read-out offset value, and 
performs tracking control using the tracking signal 
having the offset imparted thereto. 



8. An optical disk recordi 
7 which further comprises a 
point of a time segment for 
s ignal . 



ng device as recited in claim 
section that modifies a start 
detecting the tracking error 
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9. A servo-balance adjusting method for use with an op- 
tical disk recording device for recording information by 
irradiating a laser light beam onto an optical disk 
having a track wobbling in predetermined cycles, said 
servo-balance adjusting method comprising the steps of: 

detecting a wobble component, corresponding to a 
wobble of the track, contained in reflected light recep- 
tion signals generated by receiving a reflection of the 
laser light beam from the optical disk during recording 
on the optical disk; and 

adjusting level balance between the reflected light 
reception signals for use in calculation of a servo error 
in such a way that the wobble component detected by said 
step of detecting presents a substantially minimum level. 

10* An optical disk recording device comprising: 

an optical head that irradiates a recording laser 
light beam onto an optical disk for recording of informa- 
tion thereon and receives a reflection of the laser light 
beam from the optical disk to provide reflected light 
reception signals; 

a wobble component detecting section that detects a 
wobble component, corresponding to a wobble of a track on 
the optical disk, contained in the reflected light recep- 
tion signals during the recording on the optical disk; 

a servo error detecting section that detects a servo 
error by performing arithmetic operations between the 
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reflected light reception signals; 

a servo section that corrects the servo error by 
driving a servo actuator on the basis of the servo error 
detected by said servo error detecting section; 

an adjusting section that adjusts level balance be- 
tween the reflected light reception signals to be used in 
the arithmetic operations performed by said servo error 
detecting section; and 

a control section that automatically adjusts the 
level balance between the reflected light reception sig- 
nals by controlling said adjusting section in such a way 
that the wobble component detected by said wobble com- 
ponent detecting section presents a substantially minimum 
level. 

11. An optical disk recording device comprising: 

an optical head that irradiates a recording laser 
light beam onto an optical disk for recording of informa- 
tion thereon and receives a reflection of the laser light 
beam from the optical disk to provide reflected light 
reception signals; 

a wobble component detecting section that detects a 
wobble component, corresponding to a wobble of a track on 
the optical disk, contained in the reflected light recep- 
tion signals during the recording on the optical disk; 

a display that displays a level of the wobble com- 
ponent detected by said wobble component detecting 
section; 
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a servo error detecting section that detects a servo 
error by performing arithmetic operations between the 
reflected light reception signals: 

a servo section that corrects the servo error by 
driving a servo actuator on the basis of the servo error 
detected by said servo error detecting section; 

an adjusting section that adjusts level balance be- 
tween the reflected light reception signals to be used in 
the arithmetic operations performed by said servo error 
detecting section; and 

a level balance adjusting operator that is operable 
to manually adjust the level balance between the 
reflected light reception signals by controlling said ad- 
justing section in such a way that the wobble component 
detected by said wobble component detecting section 
presents a substantially minimum level. 

12. A servo balance detecting device comprising: 

an input terminal section that receives reflected 
light reception signals corresponding to a reflection of 
a recording laser light beam irradiated by an optical 
disk recording device onto an optical disk; 

a wobble component detecting section that detects a 
wobble component, corresponding to a wobble of a track on 
the optical disk, contained in the reflected light recep- 
tion signals received via said input terminal section; 
and 

a display that displays a level of the wobble com- 
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ponent detected by said wobble component detecting sec- 
tion. 
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A bst ra ct of the D i ^s c 1 o s u r e 



In recording on an optical disk, tracking control is 
perforiDed using tracking error signals detected during an 
OFF period and a rear time segment within an ON period of 
a recording pulse signal. The time segment for detecting 
the tracking error signal within the recording pulse ON 
period is variably controlled in accordance with record- 
ing conditions such as a disk type and recording speed. 
This control can effectively prevent a tendency of pits 
being formed off the center line of a track toward the 
inner circumference of the optical disk due to the in- 
fluence of residual heat from an adjoining inner track, 
thereby allowing pits to be formed accurately on and 
along the track center line. Further, during recording, 
a detection is made of a w o b b 1 e - c o r r e s po n d i ng component 
contained in an HF signal corresponding to reflections of 
a recording light beam from the optical disk, and servo- 
balance adjusting variable resistors are adjusted on the 
basis of the detected w ob b 1 e - c o r r e s p o n d i n g component in 
such a way that the detected component presents its mini- 
mum level. 
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